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Abstract:DifferentN-nucleophileshavebeenreactedwith4,5-dichloro-1,2,3-dithiazoliumchloride
(Appel's Salt),producingiminescontainingthe 1,2,3-dithiazolering.


















aminoheterocyc1es(shownin Fig. 1),in ordertoopenroutestonewheterocyclicsystems.
In thecourseof theinvestigationi tothereactionof 1 withhydrazinesusingthereported
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mechanism,but theextrasulfur mustcomefrom anothermoleculeof startingmaterial.5The formationof
the thione2 seemsto takeplace,in thepresenceof thehydrazineanda basesuchaspyridine,whenlhe
reactionof thenucleophilewith 1 is slow.The attaekof thebaseat thesulfur atomthenbecomesa
competingreactionresultingin theformationof 2. Conversely,with morereactivenucleophilessuchas
aniline thethione2 is not observed,unlesstheanilinecontainselectronwithdrawingsubstituents.
After theinitial observations,we concludedthattheoptimumconditions10 avoid thioneformation
werewhenthereactionof 1 was carriedout withoutbase,at room temperatureundernitrogen,in DCM or
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Fig.5







Appel's salt 1 reactedwith aminoheterocycles11 (Fig. 6) to give theexpected4-chloro-5-
heteroimine-dithiawles12 as yellow/orangecrystallinesolids (Tab1e3).The iI. spectrashowedpeaks,due
to theC=N bond,in therange1625-1600cm-1andthemassspectrashowedthemo1ecu1arion plus the
+
fragmentsfor the10ssof C1S2•For 12d,thebasepeakis thecyanoisonitriliumion [Het-N=C-CN] .
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roomtemperature.In all cases8e wasrecoveredin 62%,80%,82%respectively.Althoughit wasslow,
treatrnentof 12ewithmCPBA/DCMgavetheS,S-dioxide13in 55%yieldaftertwodays(Fig.8).Similar














onPerkin-Elmer1710FT or 1310instruments.lH NMR spectrawererecordedonamOL GSX 270(270
MHz),aBrukerWM250(250MHz),or a VaríanUnity300(300MHz) spectrometers.13CNMR spectra
wererecordedona BrukerWM250(62.9MHz) and a VaríanUnity300(75.429MHz).Lowresolution
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massspectrawasrecordedon a VO Micromass7070Binstrumentor a Hew1ett-Packard5988A, in the
e1ectronimpactmodeat 70 eV, usinga directinsertionprobe.High resolutionEl andFAB massspectra
wererecordedon a VO Analytical ZAB-E instrument.Column chromatographywason silica gel (60
Merck, 230-400mesh).Light petroleumrefers to thefractionb.p.40-60oC.Satisfactorymicroanalyses
wereobtainedfor all newcompoundsdescribed,within 0.4% error.The startingheterocyclicprecursors
wereobtainedusingpreviouslydescribedmethods.l,2,7- 9
Reaetionof 4,5-diehloro-l,2,3-dithiazoliumehloridewith hydrazines.
Generalproeedurefor thepreparationof derivatives7 and8.
A solutionof hydrazinederivative6 (5 mmol) in dichloromethane(DCM) was added,under
nitrogen,to a suspensionof 4,5-dichloro-1,2,3-dithiazoliumchloride1 in dry DCM (15 mI). The reaction
mixturewas stirredat room temperatureundernitrogenover 4-6h. After this timetheprecipitateformed
was filteredoff underargonandwashedwith dry DCM.
5-(N,N-diphenylhydrazine)-4-chloro-l,2,3-dithiazoliumchloride (7a). 6a (0.55g,2.5mmol) in dry DCM (2
mi) wasaddeddropwiseto a suspensionof 4,5-dichloro-1,2,3-dithiazoliumchloride1 (0.521g, 2.5 mmol)
in dry DCM (10 mI) undernitrogen.The mixturewas stirredatroom temperaturefor 6 h. Then, the
resultingprecipitatewas filteredunderargonandwashedwith dry DCM (2x15mI) to give 7a (0.356g,
40%) asa dark blue solid, mp 110°C.(Found:C, 47.34;H, 3.49;N, 12.01.Cl4HllCl2N3S2 requires:C,
47.19;H, 3.11;N, 11.79%).IR(KBr) 2864,2588,1600,1558,1516,1493,1194,1113,1090,1031,744
cm-l. ~(250 MHz, DMSO) 7.6-6.9(10H, m, ArH); 4.6 (lH, bs,) ppm.7/m319(M+-HCI, 32%), 220(10),
169(57), 149(42),84 (29),77 (18), 38 (33),36 (100).
5-(N,N '-Diphenylhydrazine)-4-chloro-l,2,3-dithiazoliumchloride (7b). Following theaboveprocedure
N,N'-diphenylhydrazine6b (0.92g, 5 mmol) was addedto a suspensionof 1 (1.042g, 5 mmol) in dry
DCM (15 ml) undernitrogenatrnosphereand themixturestirredfor 6 h, afterwhich theprecipitatewas
Í11teredoff, washedwith DCM (2x20 mI) anddriedto afford7b (0.967g, 49%) asgreenprisms,mp 112-
114°C.(Found:C, 43.13;H, 2.72;N, 11.17.Cl4HllC~N3S2.HCI requires:C, 42.81;H, 3.07;N, 10.69%).
IR(KBr) 3418,2855,1586,1544,1485,1454,1340,1201,775cm-l. ~(250 MHz, DMSO) 7.9·7.2(10H,
m, ArH); 6,2 (lH, bs) ppm.Sc(62.9MHz; DMSO) 154.4,147.9,136.8,130.3,129.7,127.7,127.5,125.9,
123.6,123.2,120.1,119.1ppm.7/m319(M+-2HCI,1%),272 (2), 228 (16), 184(24), 167(14), 126(16),
103(10), 93 (14), 77 (53),64 (100), 38 (23), 36 (72). m/z (FAB, MNBA matrix)356(M+-CI, 0.5%),320
(6), 229 (55), 185(100),77 (56).
5-{N-Acetyl-N'-phenylhydrazine)-4-chloro-l,2,3-dithiazoliumchloride (7e).Following theaboveprocedure,
1-phenyl-2-acetylhydrazine6e (0.375g, 2.5 mmol) in dry DCM (2 mI) wasaddedto 1 (0.521g, 2.5
mmo1)in dry DCM (10 mI) and themixturewas stirredatroom temperaturefor 1 h undernitrogen,to
give 7e (0.563g, 70%) as a palegreensolid, mp 111°C.(Found: C, 37.97;H, 3.06;N, 13.48.
CloH9Cl2N30S2requires:C, 37.27;H, 2.81;N, 13.48%).IR(KBr) 3477,3413,1699, 1639,1619,1495,
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1455,1279,1245,1184,819,715 cm-l. ~(250 MHz, DMSO) 7.65(lH, bs); 7.15-6.7(5H, m, ArH);
2.15(3H, s, Me) ppm. 'Z1m 285(M+-HCI, 3%), 193(12), 186(13), 176(8), 160(8), 150(13), 132(20),
108(37),91(85),77 (40), 64 (100), 36 (40). m/z (FAB, MNBA matrix)286 (M+-CI, 28%), 193(100), 168
(35), 151(90),109(12), 77 (26).
Benzoic acid (4-chloro-{1,2,3]dithiazol-5-ylidene)-hydrazide(8a). A solutionof benzoylhydrazine(0.680g,
5 mmol) in dry DCM was addeddropwiseto a stirredsuspensionof 4,5-dichloro-1,2,3-dithiazolium
ch10ride1(1.042g, 5 mmol) in DCM (15 mi). After stirringatroom temperaturefor 8 h, theresulting
precipitatewas filteredoff andwashedwith DCM (3x15mi), thendried in vacuo.Recrystallisation
(acetone)gave8a (1.25g, 93%) as yellow prisms,mp 145°C.(Found:C, 39.79;H, 2.22;N, 15.46.
C9H6CIN30S2requires:C, 39.75;H, 2.02;N, 15.43%).IR(KBr) 3142,2956, 1641,1556,1302,1290,
1199,1131,1077,859,794,717 cm-l. ~(250 MHz, CI3CD) 7.7-7.5(5H, m, ArH); 8.2 (1H, bs,NH)
ppm; 'Z1m271 (M+, 19%), 172(32), 145(8), 118(7), 105(100),77 (60),64 (17).
Toluene-4-sulfonicacid (4-Chloro-[1,2,3]dithiazol-5-ylidene)-hydrazide(8b).4-to1uenesulfonylhydrazide
(0.46g, 2.5 mmol) was addedto a suspensionof 4,5-dich1oro-(l,2,3]dithiazoliumch10ride1 (0.52g, 2.5
mmol) in dry THF (8 mi). The reaction mixturewas stirredatroom temperaturefor 4 h. The solventwas
removedin vacuoand theresiduewashedwith DCM (20 mI) followed by chromatographyof theresidue.
Eluting with DCM gave8b (0.62g, 78%) as a yellow solid, mp 159-160oC.(Found:C, 33.63;H, 2.30;N,
12.85.C9HgCIN302S3requires:C, 33.59;H, 2.50;N, 13.05%).IR(KBr) 3414,3134,1593,1556,1371,
1332,1202,1165,1087,985,891,819,805,741 cm-l. ~(270 MHz, C13CD)7.90 (2H, d, J 7Hz, ArH);
7.35(2H, d, J 7Hz, ArH); 2.45 (3H, s, ArMe) ppm. 'Z1m 321(M+,0.5%) 246 (76), 139(13), 123(90),91
(100).
2-(4-chloro-[1,2,3]dithiazol-5-ylideneamino)-isoindole-l,3-dione(8e).N-Aminopthalimide(0.81g, 5 mmol)
was addedin portions10a sÚITedsuspensionof 4,5-dich10ro-1,2,3-dithiazoliumch10ride1 (1.042g, 5
mmol) in dry DCM (15 mI). After stirringatroom temperaturefor 4 h undernitrogen,theresulting
precipitatewas filteredandwashedwith dry DCM (3x5 mi). Recrystallizationfrom DMF-MeOH gave 8e
(1.19g, 80%) as yellow prisms,mp 275-276°C.(Found:C, 40.31;H, 1.30;N, 14.13.C¡oH4CIN3S202
requires:C, 40.31;H, 1.35;N, 14.11%);IR(KBr) 1788,1704,1366,1351,1399,1199,1106,1081,892,
705 cm-l. ~(250 MHz; DMSO) 7.90-7.84(4H, m, ArH); ~c (62.9MHz, DMSO) 166.0,162.1,142.7,
134.9,130.4,123.7ppm. 'Z1m297 (M+, 58%), 262 (13), 198(100), 104(35),90 (13),76 (39).
Reaetionof 4,S-diehlorol,2,3-dithiazoliumeh10ridewith hydrazones.
N-Benzhydrylidene-N'-(4-chloro-{1,2,3]dithiazol-5-ylidene)-hydrazine(lOa). 4,5-dich1oro-1,2,3-dithiazolium
chloride1 (1.042g, 5 mmol) was addedto a solutionof benzophenonehydrazone9a (0.981g, 5 mmol) in
dry THF (300 mI) undernitrogen.The solutionwas stirredatroom temperaturefor 3h, thenTHF was
removedunderreducedpressureto afford a red oil, which waspurified by chromatography(DCM as
eluent)to give lOa (1.230g, 75%) as a red oi! (Found:C, 54.38;H, 2.93;N, 12.47.CIsHlOCIN3S2
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requires:C, 54.29;H, 3.03;N, 12.66%).IR(film) 3430,3058, 1586,1558,1444,1323,1205,891,785,
695 cm-l. Ó¡f(270MHz, C13CD)7.80-7.35(lOH, m, ArH) ppm. zJm 331 (M+,0.5%) 182(39), 153(38),
125(19), 105(74), 93 (22), 77 (40),64 (100).
N-(4-chloro-{1.2,3]dithiazol-5-ylidene-N'-{1-(4-nitrophenyl)-ethylidene]hydrazine(lOb). A soluóonof 4-
nitroacetophenonehydrazone9b (0.89g, 5 mmol) in THF (5 mI), was addedto a suspensionof 1 (1.042g,
5 mmol) in dry THF (10 mi). Mter stirringatroom temperaturefor 1h,theTHF wasremovedin vacuo.
The residuewas trituratedwith ether(3x5 mI) and theresulóngprecipitatefiltered.Recrystallisaóonin
acetonegavelOb (0.32g, 82%) as orangecrystals,mp 147°C.(Found: C, 38.25;H, 2.17;N, 18.09.,
ClOH7ClN402S2requires:C, 38.15;H, 2.24;N, 17.88%).IR(KBr) 3414,1578,1510,1487,1338,1302,
1202,891,855,787,730 cm-l. Ó¡f(270MHz, C13CD)8.30 (2H, d, J 8Hz, ArH); 8.13 (2H, d, ArH); 2.6 (s,
3H, Me) ppm. zJm 314 (M+,76%), 284 (13), 215 (15), 163(36), 149(23), 117(100),76 (47).
Reactionof 4,S-dichloro-l,2,3-dithiazoliumchloridewith heterocyclicamines.
(4-chloro-{1.2,3]dithiazol-5-ylidene)-(lH-pyrazol-3-yl)-amine(12a).A soluóonof 3-aminopyrazoleHa
(0.207g, 2.5 mmol) in DCM (1 mI) was added10 a stirredsuspensionof 4,5-dichloro-1,2,3-dithiazolium
chloride(0.521g, 2.5 mmol) in dry DCM (7 mi). After stirringatroom temperaturefor 5 h theDCM was
removedand theresiduepurified by columnchromatography(DCM, aseluent)to give 12a (0.365g, 67%)
as a yeUow solid, mp 179.5-180oC.(Found:C, 27.22;H, 1.51;N, 25.37.CsH3ClN4S2requires:C, 27.46;
H, 1.38;N, 25.62%).IR(KBr) 3225, 1541,1351,1161,877,763 cm-l. Ó¡f(3ooMHz, DMSO) 13.21(lH,
bs NH); 7.90 (lH, s); 6.48 (IH, s) ppm. 0c(75 MHz, DMSO) 154.4,153.5,147.6,131.2,101.9ppm. zJm
218 (M+,30%), 83 (44), 157(29), 119(16),93 (21),70 (28), 64 (100).
(4-chloro-[1,2,3]dithiazol-5-yliden)-(4,5-diphenyl-2-p-tolyl-2H-pyrazol-3-yl)-amine(12b).5-amino-3,4-
diphenyl-1-p-tolyl-pyrazole7Hb (0.405g, 1.25mmol) and1 (0.260g, 1.5mmol) were stirredatroom
temperaturein dry DCM (4 mi) for 2 h. Removalof theDCM in vacuo,followed by chromatographyof
theresultingresidue(DCM as eluent)gave12b(0.489g, 85%) as a yellow-orangecrystallinesolid, mp
158°C.(Found:C, 62.85;H, 3.56;N, 11.98.C24H17ClN4S2requires:C, 62.53;H, 3.71;N, 12.15%).
IR(KBr) 3420,3061,2920,1577,1512,1368,1167,871,778,734,700 cm-l. Ó¡f(250MHz, C13CD)7.75
(lH, d, J 8Hz ArH); 7.55-7.48(2H, m, ArH); 7.35-7.20(lOH, m, ArH); 2.40 (3H, s, Me) ppm.0c(62.9
MHz, C13CD)159.5,150.0,148.0,144.7,136.9,136.8,133.0,132.4,129,3,129.2,128.9,128.5,128.2,
127.9,127.3,123.4,110.2,21.06ppm. zJm 460 (M+, 100%),427 (15), 367(92), 361 (74),334 (19),325
(45), 149(11), 91(29),89 (38),77 (18).
(4-chloro-{1.2,3]dithiazol-5-ylidene)-([l,3,4]thiadiazol-2-yl)-amine(12c).2-Amino-[I,3,4-]hiadiazoleHe
(0.252g, 2.5 mmol) was addedto a suspensionof 1 (0.521g, 2.5 mmol) in dry DCM (7 mi). Mter
stirringatroom temperaturefor 4 h theresiduewas isolatedandpurified by columnchromatography
(DCM, 100%)to give 12c (0.38g, 70%) as a yellow solid, mp 234-235°C.(Found:C, 20.41;H, 0.70;N,
23.80;C4HClN4S3requires:C, 20.22;H, 0.42;N, 23.59%).IR(KBr) 3416, 1509,1469,1402,1168,902
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cm-l. 0¡¡(300MHz, DMSO) 9.59 (s, lH). Óe (75 MHz, DMSO) 163.7,154.5,147.5,130.3ppm.21m236
(M+,27), 201(100),102(36), 70 (40),64 (58).
(4-chloro-{1,2,3]dithiazol-5-ylidene)-(2-phenyl-2H-indazol-3-yl)-amine(Ud). A solutionof 3-amino-2-
phenylindawlegUd (0.172g, 0.82 mmol) wasaddedto a suspensionof 4,5-dichloro-1,2,3-dithiawlium
chIoride(0.170g, 0.82 mmol) in dry DCM (3 mI). After stirringatroom temperaturefor 2 h, thesolution
wasconcentratedunderreducedpressure,and theresidualoil was treatedwith DCM-light petroleum(1:1)
giving a yellow solid which was purified by columnchromatographyto give Ud (0.220g, 78%), mp 136-
138°C.(Found:C, 52.62,H, 2.48;N, 15.74.Cl5H9CIN4S2requires:C, 52.24;H, 2.63;N, 16.24%).
IR(KBr) 3022,2917,1626,1606,1593,1472,1334,767,694 cm-l. 0¡¡(250MHz, DMSO) 9.04(lH, d, J
7Hz ArH); 8.24(lH, t, ArH); 8.14(lH, d, ArH); 8.04 (lH, t, ArH); 7.92-7.76(5H, m, ArH) ppm.21m245
(M+-ClS2, 100%),219 (2), 102(7), 91(2),77 (11).
Benzotriazol-I-yl-(4-chloro-{1,2,3]dithiazol-5-ylidene)-amine(Ue). A solutionof 1-aminobenzotriawle9
He (0.67g, 5 mmol) in THF (15 mi), was addedto a suspensionof 1 (1.042g, 5 mmol) in dry DCM (15
mi) and themixturewas stirredat room temperaturefor 6 h. Filtrationgavea solid which waspurifiedby
columnchromatography(DCM aseluent)and thenrecrystallizedfrom DMF-MeOH to give 12e(0.92g,
69%) as yellow prismsmp 244-245°C.(Found: C, 35.52;H, 1.30;N, 25.74.CgH4CIN5S2requires:C,
35.62;H, 1.49;N, 25.96%);IR(KBr) 3257,2520, 1624,1612,1531,1495,1448,1242,1191,1154,907,
890,769,743 cm-l. 0¡¡(250MHz, DMSO) 8.20(lH, d, J 8 Hz); 7.95(lH, d); 7.75 (lH, t); 7.63(lH, t)
ppm.óe(62.9MHz, DMSO) 154.4,144.5,144.4,129.3,128.9,126.1,119.8,110.8ppm.m/z 269(M+,
27%), 178(79), 134(60), 105(69),77 (100).
Benzotriazol-2-yl-(4-chloro-{1,2,3]dithiazol-5-ylidene)-amine(120. Following theaboveprocedure,2-
aminobenzotriawle9Uf (0.134g, 1 mmol) was stirredwith 1 (0.208g, I mmol) in DCM (6 mi) at room
temperaturefor 2 h. Work-up of themixturegaveUf (0.23g, 87%) asa yellow crystallinesolid mp
287°C.(Found:C, 35.76;H, 1.38;N, 25.73.CgH4CIN5S2requires:C, 35.62;H, 1.49;N, 25.96%).
IR(KBr) 1516,1489,1485,1437,1402,1269,1237,1223,1184,897,801,737 cm-l. 0¡¡(250MHz,
DMSO) 8.10-7.90(2H, m); 7.65-7.55(2H, m) ppm.21m269 (M+, 100%),234 (87),160 (22),102 (26),90
(23).
Benzimidazol-2-yl-(4-chloro-{1,2,3]dithiazol-5-ylidene)-amine(Ug). Following theaboveprocedure,2-
aminobenzimidawleUg (0.332g, 2.5 mmol) was stirredwith 1 (0.521g , 2.5mmol) in dry DCM (7 mi)
at room temperaturefor 4 h. Removalof theDCM followed by chromatographyof theresultingresidue
(100%DCM) gaveUg (0.487g, 72%) as an orange-yellowcrystallinesolid,mp 230°C.(Found:C, 39.98;
H, 1.98;N, 20.59.C9H5CIN4S2requires:C, 40.22;H, 1.87;N, 20.84%).IR(KBr) 3404,1529,1483,1438,
1416,1167,884,800,742 cm-l. 0¡¡(300MHz, DMSO) 12.9(s, lH -NH); 7.67(lH, d J 7Hz); 7.45 (IH,
d); 7.29-7.22(2H, m) ppm. 21m268(M+,40%), 233 (M+-Cl, 100),201 (7), 175(17), 169(10), 143(31),
116(10),90 (13).
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Benzothiazol-2-yl-(4-chloro-{1,2.3]dithiazol-5-ylidene)-amine(12h) . 2-aminobenzothiazolellh (0.375g,
2.5mmol) was addedin portionsto a stirredsuspensionof 4,5,-dich10ro-(1,2,3]dithiazoliumchloride1
(0.521g, 2.5 mmol) in dry DCM (7 mI). Mter stirringatroom temperaturefor 4 h, DCM wasremovedin
vacuo . The residuewaspurified by co1umnchromatography(DCM/petro1eumether)to give 12h(0.35g.
49%) as an orangesalid, mp 153-154°C.(Found: C, 37.50;H, 1.66;N, 14.82.C9H4CIN3S3requires:C,
37.82;H, 1.41;N, 14.70%).IR(KBr) 3413,1507,1480,1446,1418,1311,1250,1159,924,755 cm-l.
0H(300MHz, DMSO) 8.69 (lH, d, J 7.8 Hz); 7.92 (lH, d); 7.53 (lH, t, I 7.5Hz); 7.42 (lH, t) ppm.
0c(75 MHz, DMSO) 168.9,163.2,148.8,147.7,134.6,126.9,125.3,122.6,121.6ppm.zim285(M+,
38%),250 (M+-CI, 100),192(12), 186(5), 160(62), 134(18), 108(38).
Reactionof 12ewith m-Chloroperbenzoicacid (mCPBA)
Benzotriazoll-yl-(4-chloro-2,2-dioxo-[1,2.3]dithiazol-5-ylidene-amine(13). 12e(151 mg, 0.56mmol),
mCPBA (168 mg, 0.82mmol) andDCM (60 mI) werestirredat OoCfor 1 h, followed by stirringfor a
further24 h atroom temperature.A final portionof mCPBA (168 mg, 0.82mmol)wasaddedandthe
reactionmixturestirredfor another24 h, until all thestartingmaterialhadbeenconsumedasobservedby
tic. Purificationby columnchromatography(DCM aseluent)gave13 (92 mg, 55%) as anorange-yellow
salid, mp 171-2°C.(Fo\Snd:C, 31.88;H, 1.23;N, 23.12.CgH4CINS02S2 requires:C, 31.84;H, 1.43;N,
23.21%).IR(KBr) 1574,1446,1149,1047,879,751 cm-l. ~(270 MHz, C13CD)8.12(lH, d J 8Hz); 7.80
(lH,d); 7.65(lH, t); 7.52 (lH, t) ppm. zim301(M+,3%), 285 (M+-16,23) , 269 (M+-32,3), 174(17), 155
(32), 146(100), 136(28), 108(22),93 (39),76 (73).
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